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ABSTRACT 
Despite a reduction in the workplace injury rate 
for most industries in Canada, the number of com-
pensation claims for the Canadian Forest Industry 
is not declining at a comparable rate. While mecha-
nisation, particularly of tree harvesting operations, 
has improved injury rates in the last 5 to 7 years, the 
forest industry, along with similar labour-intensive 
industries such as mining, construction, and agri-
culture, continue to have unacceptable health and 
safety records. 
This review of ergonomics codes of practice fo-
cuses on the issue of implementation, as perceived 
by the three major stakeholders, management, em-
ployees and their unions, and government. Barriers 
to implementation and successful programs are dis-
cussed, as is the use of Benefit/Cost analysis as one 
measure of success. Three examples of successful 
ergonomic interventions in Canadian forestry, 
manufacturing, and healthcare are detailed to illus-
trate the effective use of Benefit/Cost analysis as a 
measurement tool, and as the potential path to the 
implementation of universal codes of practice. 
Keywords: Ergonomics standards, benefit-cost analy-
sis, ergonomics interventions. 
INTRODUCTION 
The primary goal of ergonomic assessment and 
intervention is the protection of the worker. As with 
most occupational health and safety standards, er-
gonomics standards would seemingly benefit eve-
ryone in the workplace, from the forest worker who 
is at risk of injury that would prevent him or her 
from future work or activities outside of work, to 
union representatives, whose mandate is to protect 
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union members from ill fate (physical, financial, or 
other), to management, whose concern is produc-
tivity, which inherently depends on the fitness of 
the employees to carry out their required tasks. 
Government too benefits by protection of its con-
stituents from physical disability, which incurs costs 
in terms of pensions, medical treatment, and unem-
ployment. 
It would seem, therefore, that from an organiza-
tional approach, the implementation of an ergo-
nomics code of practice would be a relatively simple 
task. Attempts at such a task, however, have proven 
difficult and often unsuccessful due to difficulties in 
creating standards that apply universally [4] and 
that are acceptable to both management and staff, 
and due to the ever changing economics of the work 
environment [31]. Potential reasons for the diffi-
culty in implementation of an ergonomics code of 
practice stem from all levels affected by such a 
project, including government, management, un-
ion, and workers. This paper looks at the different 
viewpoints and concerns of these levels and re-
views both successful and unsuccessful attempts at 
implementation of ergonomics standards to iden-
tify reasons for the failure to legislate ergonomics 
codes of practice in Canada. 
Although injury statistics for the Canadian Forest 
Industry appear to cost only approximately $5 mil-
lion per annum (which is one tenth the per-payroll 
dollar cost of other industries in Canada) [32], it is 
estimated that the true costs are much greater. The 
reason for this discrepancy is due to the nature of the 
forest industry itself. Many woodlots are small, 
private operations involving only one or two hired 
workers. Such small companies are not required to 
subscribe to the workplace compensation program, 
and thus the majority of injuries go unreported. The 
estimated injury rate within the forest industry is an 
order of magnitude higher than the present statis-
tics suggest. The issue of workplace safety and 
ergonomics considerations is therefore of great im-
portance within the Canadian Forest Industry. 
POINTS OF VIEW TO CONSIDER 
On the surface, it would appear that everyone 
involved in the implementation of an ergonomics 
code of practice stands to benefit from its success. 
Unfortunately those involved also see the potential 
drawbacks of such a system. The “costs” of im-
plementation tend to occur primari ly at the on-
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set of the program, and thus little short-term ben-
efit is seen by anyone. In tough economic times 
long-term benefits tend to be of less importance 
than the short-term financial costs. This feeling is 
reflected by workers at all levels within government 
and industry. In terms of benefit, little research 
literature is presently available that indicates meas-
urable benefits of the implementation of ergonom-
ics standards. Benefits are also inherently difficult 
to measure, and thus management is not easily 
convinced that ergonomic intervention is neces-
sary. Most ergonomic interventions are aimed at 
the prevention of injury, and it is difficult to assess 
differences in the probability of a particular injury 
both before and after an intervention. Even if a 
decrease in the probability of injury were measur-
able, the fixed costs associated with this probability 
are largely unknown. The costs associated with an 
injured worker are often masked by budget struc-
tures. Some of these hidden costs include a decrease 
in productivity, hiring costs associated with re-
placement workers, and training costs associated 
with these new workers. Few employers are aware 
of these additional financial burdens associated with 
workplace injury, or even of the amount paid in 
compensation premiums. 
Government 
Governments have a particular interest in the 
prevention of work-related injuries due to the re-
sulting burden on the health care system. In recent 
years, increased public awareness of workplace 
health and safety issues has resulted in an increase 
in the number of reports of cumulative trauma 
disorders. This has resulted in public pressure on 
the government to implement prevention programs, 
and thus the cost to government has climbed [21]. 
For such a reason, many governments have begun 
looking into the implementation of ergonomics codes 
of practice, in order to reduce these costs. Problems 
arise, however, in terms of the global economic 
environment. Some governments simply cannot 
afford to hire the specialized manpower required to 
implement ergonomics codes. Others continue to 
have a lack of general awareness of occupational 
health and safety among workers [29], which results 
in less public pressure to implement ergonomics 
legislation. 
In recent years, some inroads have been made in 
the area of ergonomics standards, generally under 
the realm of health and safety mandates. The Cana-
dian Standards Association (CSA) has responded to 
some of the public pressure in its development of 
the CAN/CSA-Z412-M89 Standard on Office Ergo-
nomics in 1989. This entirely voluntary standard 
deals primarily with the design of office furniture 
and equipment but says little about work practices. 
The International Organization for Standards (ISO), 
on the other hand, has solicited assistance from 
Canadian members and, in ISO 9241, has consid-
ered the factors affecting human performance in-
stead of concentrating on the technical design of 
equipment [5]. Between 1975 and 1989, seven stand-
ards and fourteen draft standards of ergonomics 
were developed by ISO, which covered areas such 
as general ergonomics, thermal stress, auditory sig-
nals, and lighting [2]. By 1995, 18 standards were in 
existence and 31 more were in preparation. Concur-
rently, in 1987 the European standardization or-
ganization, Comité Européen de Normalisation 
(CEN) established a committee (TC122) in order to 
develop ergonomic standards. In contrast to ISO 
standards, CEN standards are mandatory, through 
legislation, within the European Union [2]. By 1995, 
10 CEN standards covering the areas of general 
ergonomics, auditory signals, and visual display 
units were in place. 
In many countries, such as Switzerland, France, 
and the United States, only those workers whose 
injuries and diseases meet certain requirements are 
eligible for compensation. The requirements usu-
ally insist that the particular disorder is present on 
a list of acceptable diagnoses, and that there is 
evidence that this disorder is a direct result of the 
working conditions of the client [22]. These stipula-
tions do not account for a large proportion of inju-
ries that are claimed by affected workers to be due 
to their work situation. Those inflicted with these 
disorders presently rely, where possible, on medi-
cal insurance for financial remuneration, and little is 
done in terms of prevention. Some jurisdictions 
have proved more successful than others in terms of 
the implementation of ergonomics standards (such 
as British Columbia, Canada, and California, USA) 
where public pressure has forced such action from 
government. 
As the number of cumulative trauma disorders 
continues to rise, there is a strong likelihood that the 
insurance companies will begin to restrict payment 
on such claims, a l though this is not yet the case. 
At that t ime, the situation will then call for 
government interventions in the area of preven-
tion and compensation for disorders related to 
workplace ergonomics. It is therefore in the best 
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interest of government, in terms of reducing health 
care costs, to begin the implementation of small 
aspects of the code in order to encourage the accept-
ance of such interventions, and then to slowly im-
plement additional standards over a period of time. 
This strategy has been employed in Australia, where 
manual handling guidelines were implemented in 
1990, and in the United States, where the meat-
packing industry was targeted as one industry that 
required immediate ergonomics legislation for the 
prevention of back injuries [6] Implementing policy 
changes in specific areas where ergonomic inter-
vention is unquestionably necessary is an obvious 
starting point. Government may then continue to 
target specific areas one at a time, and eventually all 
workplaces will be covered by ergonomics legisla-
tion. Such regulations have recently been initiated 
within the forest industry in Canada in terms of 
CSA 14000, which regulates logging operations. 
The implementation of an ergonomics code of 
practice inevitably heightens the awareness of cer-
tain cumulative trauma disorders in the working 
population. This increased awareness brings about 
an increase in the number of compensation claims. 
Not only does this increase the cost of health care 
and insurance, but it may also require an increase in 
the staff required to process claims, and to assist 
with risk assessment, risk management, and risk 
control operations. In times of cutbacks and 
downsizing in the health care sector, an increased 
work demand will be difficult to justify. 
Many countries have made inroads, especially in 
the area of manual handling, due to the widespread 
knowledge that repetitive and heavy lifting cause 
back injury. The International Labour Organization 
(ILO) has supported the idea of international levels 
of occupational standards. A crude measure of 
acceptable weight limits for lifting tasks has been 
encouraged. Most developing countries tend to 
follow the American National Standards Institute 
(ANSI) recommended limit of 55 kg, a l though 
countries vary in their acceptable limits from 55 to 
75 kg. Further, the ILO recommends separate stand-
ards for women and children, although these have 
not yet been reflected in the legislation of develop-
ing countries [29]. Unfortunately there is no simple 
calculation that accurately describes the maximal 
load one should lift. Many factors must be consid-
ered, such as the size of the load, the availability of 
handles, the displacement the load must undergo, 
and even the surface of the floor on which the 
handler stands. Regardless, at least there is a mini-
mal awareness in the area of manual materials han-
dling. In most countries, the prevention of most 
other work-related musculoskeletal injuries is not a 
high national priority. If a more detailed code costs 
government or industry too much to implement, 
then it will decrease the country’s ability to remain 
competitive in international markets. In order to be 
successful, an ergonomics standard must keep im-
plementation costs to a minimum, and must dem-
onstrate a high potential for actually helping indus-
try to save money either through decreased absen-
teeism or through increased productivity. 
Management 
The main concern of management in privatized 
industry is profit. This goal requires that the com-
pany be able to compete in national and interna-
tional markets by keeping production costs as low 
as possible. Managers will only accept an ergonom-
ics code if it stands to decrease production costs. In 
theory, ergonomics legislation should do just this. 
Compensation claims cost a company in many ways, 
including insurance premiums to the compensation 
program, loss of productivity, training of replace-
ment employees, and overtime payments for those 
covering in areas where there are absences. In 1991, 
the ratio of direct to indirect costs for compensation 
in Australia was higher than 1:1.75 [18], meaning 
that for every dollar that the management was aware 
of paying to compensation premiums, there was an 
$1.75 paid out to cover expenses incurred by the 
company as a result of a workplace injury. It was 
found that many managers did not consider these 
“hidden costs” in their analysis of the financial 
considerations of workplace injuries. To many 
managers the cost of implementing an ergonomics 
program far outweighs the potential benefits. Ben-
efit-cost analysis, as discussed later in this review, is 
an ideal way to convince management that there is 
an economic benefit to ergonomic intervention. 
Management generally sees the implementation 
of ergonomics strategies as requiring expensive 
changes in tools, equipment, and physical layout. 
These types of changes are the easiest way to begin 
improvements, and the results are noticeable imme-
diately [14]. Although such changes are often re-
quired, a government standard must be sensitive to 
the capital cost of such modifications. Often changes 
may be made inexpensively, or less expensive tem-
porary solutions may satisfy the code requirements 
until sufficient funds are available to make major 
changes. In Australia, economic benefits often fol-
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low health benefits in terms of occupational health 
and safety legislation, although this calculation is 
often made only after the introduction of a particu-
lar legislation [22]. This idea is thus not used in the 
“selling” of the impending legislation to manage-
ment and employers and management need to be 
made aware of this fact. Cost-benefit analyses 
should be done prior to the implementation of an 
ergonomics standard. 
Other management obstacles that block the im-
plementation of an ergonomics standard include a 
lack of knowledge about ergonomics, lack of spe-
cific knowledge about the potential harm caused by 
certain work tasks, and poor interdepartmental com-
munications. In many instances, the decision mak-
ers (management) are not located functionally or 
physically near the workers, and they do not see the 
health risk incurred by workers, based on their 
work tasks and the potential benefits, in terms of 
decreased compensation costs and absenteeism 
gained by the implementation of such a code [10]. 
Employers may also view the implementation of 
an ergonomics code as having a negative impact on 
productivity. In order to comply with such a code, 
some workers would be required to make time in 
their schedule for site inspections and modifica-
tions. While modifications are being made, there 
would also be a break in productivity as tasks are 
altered, and the employees learn the new task re-
quirements. When first introduced, a code would 
likely make employees more aware of certain disor-
ders. This would potentially cause an increase in 
absenteeism and compensation claims at the onset 
of the program, leading again to increased cost in 
the short term, although this cost would likely taper 
off within months. 
Recent studies involving the implementation of a 
Manual Handling National Standard and Manual 
Handling National Code of Practice in Australia 
have shown that management may be convinced 
that a standard will provide long-term benefits to 
both administration and staff, although initial strong 
management support of such a program often wanes 
[3]. Improved success has been attained by includ-
ing training sessions for managers and employees 
as part of the implementation process [1], although 
this may again be seen by some managers as an 
undesirable cost due to lost work time. 
Employees 
The workers are those who are most directly 
affected by the implementation of ergonomics stand-
ards. They are also those who are expected to put in 
the greatest amount of time in order to make the 
program successful. They must be involved in the 
identification of the tasks that pose substantial risk 
of injury, and they must also test the modifications. 
In times of economic uncertainty (and thus budget 
constraints and layoffs), the workers tend to shift 
their focus from job satisfaction to simply holding 
on to their jobs. Employees will tend to take fewer 
sick days and to under-report occupational injury 
as they fear their job is at risk [31]. Introduction of 
ergonomics standards during times such as these 
make it difficult to gauge success. Workers will not 
complain to management for fear (either perceived 
or real) of jeopardizing their shift schedule or their 
job as a whole. 
Further, workers tend to resist change [18], espe-
cially when it is accompanied by further monitoring 
of their work activities. However, workers consist-
ently agree that ergonomic design will significantly 
improve the work environment, enabling safer and 
more productive work [9]. Resistance to change 
may be overcome by involving workers directly 
affected by changes in the decision making process. 
Perhaps the involvement of worker’s unions in the 
implementation of ergonomics codes of practice 
would serve to convince workers that these codes 
are for their benefit and protection. 
Problems arise when the workers are asked to 
participate in such a program. Even with manage-
ment support, worker participation becomes diffi-
cult when there are scheduling limitations. While a 
worker is performing duties related to applying the 
ergonomics standard, someone must cover their 
usual duties. Even if someone can be available to do 
so, problems due to scheduling often hinder success 
[26]. 
PROBLEMS WITH THE IMPLEMENTATION 
OF ERGONOMICS STANDARDS 
Manual handling guidelines have been devel-
oped in the US (NIOSH lifting guidelines) [8], Eu-
rope and the United Kingdom (ECSC Force Limits) 
[8, 4], and Australia (Manual Handling National 
Standard) [19]. The major problem incurred in the 
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development of such guidelines is the diversity 
between anthropometrics, strength, and mobility 
between individuals, and the diversity of work tasks. 
The NIOSH guidelines, for example, are appropri-
ate only for a lift that is smooth, two-handed, and 
symmetric in the sagittal plane with a moderate 
width of load (less than 75 cm), good couplings 
(handles, shoes, and floor), and a good ambient 
environment. The ECSC force limits go somewhat 
further in identifying tasks that generally impose 
abdominal pressures greater than 100 m m Hg, 
which has been deemed the maximum permissible 
pressure generated that does not pose significant 
risk of back injury. As developed, both guidelines 
should produce the limits at or near the same range 
of loads, although this is not the case. The non-
linear relationship between these load limits dem-
onstrates the difficulties that arise when attempts 
are made to standardize tasks for a diverse popula-
tion. A better approach may be to identify risk tasks 
for a given worker, and individualize standards 
based on the strengths of that particular worker. 
This would require increased involvement on the 
part of management and workers, and a participa-
tory approach to problem solving. 
The State of California, USA, has since 1973 re-
quired physicians to report all incidents of repeti-
tive strain injuries caused by occupational tasks 
[17]. Between 1989 and 1991 potential epidemic 
clusters of carpal tunnel syndrome were identified 
by an annual period prevalence of five percent or 
greater, or a doubled annual incidence of surgical 
and /or worker’s compensation cases (i.e., double 
the baseline rate of 1 case per 1000 person-years). 
Where the incidence of carpal tunnel syndrome was 
high for a particular workplace, the employer was 
encouraged to seek assistance from ergonomics pro-
fessionals. If assistance was not sought, then legis-
lation was passed in order to enforce ergonomics 
intervention in the area. This type of strategy was 
found to fail due to both employer and worker 
attitudes. Workers were discouraged to report inci-
dents of repetitive strain injury by their employers 
in order to avoid enforcement by the state labour 
department. As the employees feared losing their 
jobs or being transferred to lower paying jobs, they 
tended to abide by the wishes of the organization, 
despite encouragement by government to report 
such cases. The employers feared enforcement due 
to the cost associated with changing workstations. 
Although the concept of identifying potential epi-
demic clusters by physician reporting is good in 
principle, the use of this information without the 
active participation of both management and the 
workers tends to promote negative attitudes toward 
the enforcement of standards. Within the forest 
industry, there is a large non-uniformity in the re-
porting of accident statistics [16]. In order for sound 
ergonomic solutions to be implemented, accurate 
monitoring of these statistics is essential. If statisti-
cal measures differ greatly, then epidemiological 
comparison studies are valueless. 
An attempt was made to implement an ergonom-
ics program in which the workers were trained in 
ergonomics assessment and intervention at a union-
ized plant in the US. The program was based on a 
participatory learning approach. One study found 
that there were no significant differences in training 
outcomes (on measures of trainee satisfaction, ergo-
nomic knowledge, or performance in job surveil-
lance skills) between workers trained by ergonom-
ics specialists or by their peers (who were trained by 
these specialists and who then trained the workers) 
[27]. Problems arose in the implementation of such 
a program, however, due to the participants in the 
program not being provided the work time and 
scheduling flexibility to perform ergonomics as-
sessments and interventions. The interventions made 
were successful in terms of reducing the risk of 
musculoskeletal injury, although the researchers 
lost 50% of their ergonomics-trained workers from 
the study. These workers stated that they received 
little management support, and thus ran into sched-
uling difficulties when performing the tasks as-
signed to them under their roles as ergonomic train-
ers. Suggestions made following completion of the 
study included the adoption of a longer time frame 
to complete the introduction of the program (five 
years was suggested), the development of organiza-
tional structure and support arrangements prior to 
the implementation of ergonomic change activities 
(i.e., to provide adequate scheduled time for the 
peer ergonomics-trained workers to perform inter-
ventions), the simultaneous integration of training 
and interventions (in order to promote improved 
understanding of how to perform an intervention), 
and the provision of a wide range and scope of shop-
floor intervention activities. Again the bottom line 
seems to be that such an ergonomic intervention 
program must be profit driven in order to acquire 
and maintain management support, and that with-
out this management support the program will not 
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succeed. 
WHAT WORKS IN TERMS OF 
ERGONOMIC INTERVENTION 
Programs That Already Exist 
In general, it has been found that a participatory 
approach between management and employees 
works best in the implementation of ergonomics 
programs [13, 28]. This form of approach is good for 
two reasons. Firstly, it heightens interest in and 
awareness of ergonomic interventions, and secondly, 
it contributes to the sustainability of the program 
after the health-and-safety ergonomist has departed. 
Ideally, a successful implementation ends with a 
self-perpetuating ergonomics program, with the 
support and participation of both management and 
staff. If there is a change in management, there must 
be evidence of ongoing commitment to the program 
or it runs the risk of deterioration. In Sweden, as an 
alternative to legislation, the forest industry agreed 
to limit continuous machine operation to four hours 
in order to reduce injury. With this managerial 
implementation of occupational health controls, it 
was found that other positive effects were observed 
in their workers, such as an increase in work moti-
vation and a willingness of the workers to broaden 
their competence in other areas within the forest 
industry [15]. 
On the implementation of the Victoria Manual 
Handling Regulations in Australia, one study sug-
gested that expert consultants are not required in 
order to abide by the regulations, but that more 
objective , reliable, and repeatable assessment meth-
ods are required [30]. This feeling is reflected by 
many involved in the implementation of manual 
handling standards in Australia. Others found the 
same rules applied to workers in the US [25]. They 
felt that education of workers was important, but 
that instead of teaching the workers “how to lift”, 
they should be taught “how to identify risks”. The 
most important risk factors were identified as: rep-
etition, awkward postures, the requirement of ex-
cessive or prolonged forces, pressure, and environ-
mental factors such as extreme heat or cold. They 
also felt that in order for implementation of ergo-
nomics standards to be successful, legislation was 
necessary. 
The Australian State Regulations and Code of 
Practice: Manual Handling was first introduced in 
1986, and its implementation is ongoing. Literature 
regarding successful implementation of the strat-
egy again indicates a need for cooperative decision-
making between management and staff. In 1994, 
one study described a protocol that implemented 
the code of practice in the quarrying industry [1]. 
The first stage involved a site visit, which consisted 
of an analysis of accident records, observation of the 
workplace, and video-taping of a specific manual-
handling task to be used as a case study. Two three-
hour training sessions followed, with the goal of 
training managers and employees in the process of 
hazard identification, risk assessment and risk con-
trol, and to address the identified task as a teaching 
tool for the development of solutions to reduce the 
risk associated with manual handling. Those in-
volved in the training sessions would ultimately 
design a training package including guidelines, case 
studies, and checklists that could be readily used by 
quarry managers and workers to address manual 
handling problems. Results regarding the success 
of this implementation remain unavailable. 
An implementation protocol for the Australian 
State Regulations and Code of Practice: Manual 
Handling was also devised [17]. The study felt it 
was important to involve employee consultation 
through all stages of risk identification, risk assess-
ment, and risk control. The study provided a risk 
assessment for manual handling that included a 
process of quickly identifying problems and prob-
lem tasks, a method of risk assessment that was self-
contained (and which included a method of rating 
risk, documentation that would serve as an assess-
ment tool, and a legal record), an educational ap-
proach where the tools used acted also to educate 
users, realistic performance criteria, and a compre-
hensive consultative approach. This program was 
implemented at a large chemical processing com-
pany. Supervisors and managers were given two 
days of training, and employees were given one 
day. The staff was divided into working groups. 
Each group identified ten problem tasks within the 
workplace, two of which were given as priorities. 
After the initial training session, priority problems 
were to be solved by each group before the second 
training session. The program concluded with for-
malization of policies and procedures for the par-
ticular workplace in terms of manual-handling as-
sessment and intervention. Each working group 
had identified ten problem tasks by the end of the 
training session, and each identified task was sched-
uled to undergo a full assessment, with implemen-
tation of the required modifications to follow. 
Following from the chemical plant program, four 
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separate qualitative assessment checklists were de-
signed: lifting/carrying/holding, pushing/pulling, 
seated workstations and vehicles, and standing work. 
This separation into specific task assessment was 
aimed at streamlining assessments and thus reduc-
ing the time required to perform inspections of 
work tasks. A letter-grading system was chosen, as 
it provided less opportunity for misuse of the as-
sessment results in terms of attributing clinical mean-
ing to the scores. In this case, the ergonomists were 
able to create a self-sustaining program at the plant, 
and the implementation was deemed a success. 
How to Measure Success 
Effects of ergonomic action can be measured by 
the incidence of illness absenteeism and occupa-
tional injury reports [12]. When a program is imple-
mented that targets a particular disorder, there tends 
to be an increase in reports of this disorder due to an 
increased awareness of potential injury by the work-
ers [21]. This phenomenon must be taken into 
consideration when reports of injury are used for 
measuring the success of an ergonomics interven-
tion. Repetitive strain injuries also tend to be 
under-reported [19] and thus significant uncertainty 
in the validity of injury reports exists both prior to 
and after the implementation of an ergonomics 
intervention. Other measurement strategies such as 
productivity, job satisfaction, and symptom sur-
veys must therefore be investigated. 
A logical way to measure success following ergo-
nomic intervention is benefit-cost analysis. This 
strategy will undoubtedly become an essential 
means of promoting and evaluating ergonomic in-
terventions in the workplace. Three recent exam-
ples of benefit-cost analysis are discussed below, 
and provide evidence regarding the value of such 
follow-up information. 
Benefit-Cost Ratio Analysis : Examples 
of Successful Ergonomics Intervention 
In 1985, an ergonomic intervention program was 
implemented in maintenance shops for forestry 
equipment and vehicles in Canada [24]. The me-
chanics had complained of sore back and legs dur-
ing and after work, and many multiple injuries in 
the workplace were attributed to worker fatigue. 
These shops recorded above-normal absenteeism 
and low productivity prior to intervention. Simple 
changes in the workplace were made, such as floor 
space redesign to minimize nonproductive walk-
ing, the addition of step-stools and anti-fatigue mats 
at each workstation, and the introduction of pow-
ered hoists and wheeled trolleys. In addition, par-
tially impaired persons were hired as assistants. 
These simple interventions resulted in an average 
increase in productivity of 12%, a reduction of mi-
nor injuries by 63%, an elimination of complaints of 
back and leg soreness and no reporting of back 
injuries after one year. The benefit-cost ratio, aver-
aged over three years of implementation, was 1.75, 
and was increasing each year following initiation of 
the program. 
In 1995, a major hospital in British Columbia, 
Canada, undertook an ergonomics intervention pro-
gram [20]. The hospital was incurring large costs 
due to worker injuries, particularly due to lifting 
and transferring pat ients . A total of 5,800 work 
days were being lost annually at a direct cost of 
CAN$950 000, with estimated concurrent indirect 
costs reaching CAN$4 million. Musculoskeletal in-
juries accounted for 63% of these lost-time injuries. 
Through the introduction of risk hazard assess-
ments by in-house physiotherapy staff, the devel-
opment of new transfer and lift procedures, nurse 
training in such procedures, the purchase of inex-
pensive transfer boards and belts, and the imple-
mentation of a no-manual-lift policy and the intro-
duction of donated electric lifting and transfer equip-
ment, direct claim costs were reduced by 95% dur-
ing a six-month study period. The benefit-cost ratio 
in this instance was calculated to be 1.72, with 
additional savings in Workers' Compensation 
Board premiums reaching CAN$219 000 in year 
four, and CAN$102 000 in year five. 
A final example is derived from a study of a 
worksite that performed copier machine sub-as-
semblies [7]. In 1995, through workstation rede-
sign, the purchase of pneumatic nut runners and 
screwdrivers, improvements to workplace lighting, 
the introduction of sit/stand chairs, and the instal-
lation of anti-fatigue floor matting, a benefit-cost 
ratio of 5.20 was obtained. This result was obtained 
by a decrease in production time for each assembly 
by 23%, a reduction of assembly errors by 11%, a 
reduction in the number of persons required to 
maintain the production schedule (a 29% reduction 
in labour costs), and improved quality levels result-
ing in reduced inspection time. 
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CONCLUSION: HOW DO WE 
CHANGE ATTITUDES? 
From the above review, it is evident that some 
work must be done prior to the implementation of 
ergonomics standards. Because of the general lack 
of knowledge regarding the benefits of ergonomic 
intervention, certain efforts must be made even 
prior to ergonomics legislation being passed. The 
public must be aware of ergonomic principles, and 
following these principles must become everyday 
activities both at work and at home. Health care 
professionals need to make patients aware of how 
ergonomics affects quality of life. Work-related 
cumulative-trauma disorders must be identified and 
reported to the Occupational Health and Safety 
Commission (OHSC). Appropriate epidemiologi-
cal monitoring should be performed, and the public 
should be kept aware of the magnitude of the prob-
lem. 
Existing standards are another area that needs 
improvement. Definitive research that indicates the 
success of particular interventions is scarce. Inter-
ventions must be investigated scientifically by the 
ergonomics community in order to validate the 
associated health benefits. Areas that already pro-
vide ergonomics services should encourage the re-
cording of statistics such as symptoms surveys and 
absenteeism in order to validate their work. At 
present, few follow-up studies exist, which leads to 
difficulties in the evaluation of interventions. 
Benefit-cost analyses must be provided each time 
an ergonomic intervention is made, and must indi-
cate the net saving to both government and employ-
ers if such a program is to be successful. Work in this 
area has been initiated [23] as described above, and 
is desperately needed. Government should fund 
ergonomics consultants to assist employers with 
annual evaluations, risk identification, and risk con-
trol procedures in order to monitor compliance with 
the program. This will help to decrease the new 
administrative and financial burden to employers 
incurred as a result of the implementation of the 
ergonomics program. 
Once these areas have been addressed, it will be 
much easier to pass legislation pertaining to an 
ergonomics code of practice. An implementation 
strategy must then follow what has been shown to 
work. Specifically, the implementation must en-
courage open communication between employees 
and management, where areas of high risk are iden-
tified by employees and dealt with by management. 
Employees must be provided with sufficient educa-
tion to identify risks. They must not be told how to 
perform a certain task, as different task techniques 
may be equally efficient, but rather they should 
simply be able to identify those tasks that have 
significant associated risk. Employees must be in-
volved in all phases of program implementation 
and evaluation. The employees involved must be 
provided adequate time to perform these tasks. 
As discussed above, ergonomics standards are 
more easily applied incrementally, beginning with 
areas such as forest and agriculture where the need 
to reduce workplace injuries is most evident. By 
implementing codes in these areas, and by then 
showing promising benefit-cost analyses, ergonom-
ics standards will gain local acceptance. Slowly 
expanding these standards to more widespread ap-
plications, using positive benefit-cost examples from 
prior interventions, appears to be the most feasible 
way of acquiring widespread support of manage-
ment, unions, government, and individual work-
ers. Only then will government legislation of ergo-
nomics codes of practice be embraced universally. 
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